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Abstract 
 
Micro-Raman spectra of the hematoxylin-eosin stained tissue have been recorded and analyzed for both normal 
and carcinoma colon samples from nine patients in order to evaluate the compatibility of H&E staining with Raman 
spectroscopy of tissue. An additional aim was to evaluate if the “normal” tissue from various geographical locations is 
the same in terms of Raman signal from equivalent samples reported in the literature.  FT-Raman signal of the formalin 
–fixed tissue was used for comparison. The overall Raman signal of stained tissue is a superposition of Raman 
scattering intensity from staining agents, tissue and auto-fluorescence of the tissue and staining agents. Due to the 
different Raman cross section of the species, the superposition giving the overall Raman spectral shape is not a linear 
combination, i.e. subtracting the Raman signal of staining agents does not necessarily result in the Raman signal of 
unstained tissue. Moreover, the H&E staining agents showed less influence on the overall tissue signal, allowing 
identify specific Raman bands of tissue. The major influence on the overall signal was produced by the resins 
(biomount, xylene), which are not compatible with the tissue Raman diagnostic. Vibrational analysis results of the H&E 
stained tissue samples point out the capability of the Raman techniques to evaluate the enormous archival tissue 
material available in clinical diagnostic laboratories and could further better assist the histopathology conclusions with 
high specificity and sensitivity. 
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1.  Introduction 
 
 
Current cancer diagnosis is based on various 
expensive and time-consuming medical imaging 
techniques such as magnetic resonance imaging, 
computerized tomography, ultrasonography, which 
are followed by histopathology examination of a 
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biopsy specimen taken from the patient. In the last 
year, spectroscopy has emerged as one of the major 
tools for biomedical applications and has made 
significant progress in the field of clinical 
evaluation.  
More accurate analysis and elucidation of 
cancer mechanism could be achieved by using 
spectroscopic techniques which probe the molecular 
content of the investigated samples.  
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Raman spectroscopic techniques have rapidly 
evolving as ultrasensitive, fast and reliable tools in 
current diagnostic, particularly in cancer.However, 
the diagnostic capability is still related to, and 
compared to the classical immunohistochemistry 
procedure, which involved hematoxylin and eosin 
(H&E) staining protocol. So far, Raman 
measurements have not been reported yet on soft 
tissue upon staining.  
A previous study [1] reported the use of 
Raman microscopy to bone tissue stained with 
hematoxylin, eosin and toluidine blue. Raman 
imaging of stained specimens allows for direct 
correlation of histological and spectral information, 
using the 785 nm laser line. Statistical analyses have 
been employed [1] to determine whether the 
histological stains cause spectral interference (band 
shifts or intensity changes) or result in thermal 
damage to the examined tissue.  
Image analysis revealed factors for tissue 
components and the embedding medium, glycol 
methacrylate, only. Thus, Raman imaging proved to 
be compatible with histological stains such as 
hematoxylin, eosin and toluidine blue. We expanded 
the Raman investigation to the stained soft tissue, 
using human colon tissue samples from 9 patients, 
aiming to (i): probe the ability of the technique for 
simultaneous Raman and immunohistochemistry 
diagnostic; (ii) to evaluate the influence of the 
staining agents on the tissue Raman signal; and (iii) 
to probe the specificity from one patient to another.  
Therefore, we recorded and discuss here the 
Raman signal from H&E stained and formalin fixed 
tissue respectively, from both normal tissue and 
cancer in different stages, as revealed by the 
histopathology. The H&E, xylene and Biomont resin 
involved in the staining protocol have been also 
Raman analyzed, to assist the correct interpretation 
of the results.  
We selected normal human colon and 
carcinoma tissue samples in this study, taking into 
account its increasing incidence in population and 
drastic demand for sensitive techniques to assist 
excision of lesions and residual tissue, predict the 
demarcation limit between healthy and tumor tissue 
and to understand the molecular changes associated 
to carcinogenesis.  
Completeness of excision as judged by the 
endoscopist or histopathologist could be sensitively 
assisted by the appropriate Raman spectroscopy 
technique in real time. Colorectal cancer, also called 
colon cancer or large bowel cancer includes 
cancerous growths in the colon, rectum and appendix. 
Latest estimation of the American Cancer Society 
showed the number of colorectal cancer cases in the 
United States in 2014 as 101,340 new cases of colon 
cancer and 39,870 new cases of rectal cancer. 
Colorectal cancer is the third leading cause of cancer-
related deaths in the United States. It is expected to 
cause about 49,380 deaths during 2014 [20].  
According to the very recently released 
European Guidelines for Quality Assurance in 
Colorectal Cancer Screening [18], colorectal cancer 
is the second most common newly diagnosed cancer 
and the second most common cause of cancer death 
in the EU [18].  
The experts have emphasized that screening 
and diagnosis of appropriate quality requires a 
multidisciplinary approach to diagnosis and 
management of lesions detected during endoscopy. In 
Romania, only the 2014 year statistics showed 1845 
male and 1488 women deaths cause by colon cancer 
[18]. Raman spectroscopy, as a fast and reliable 
technique for rapid and sensitive diagnostic has 
recently showed promised results in the field [5-13]. 
However, the current routine analysis is based on 
the golden standard. According to the above cited 
document [18], there are currently no validated 
methods of determining completeness of excision. 
Histopathologists are able to provide acceptable 
classification into large subgroups of epithelial 
cancer and non-cancer.  
However, while pathologists can demonstrate 
acceptable levels of agreement for the major 
comparative groups of cancer against negative, the 
division into subgroups of normal, mild pre-
cancerous change, severe pre-cancerous change and 
cancer has revealed that are poorer level of 
agreement. In this sense, Raman Spectroscopy 
technique would be able to perform quantitative and 
qualitative analysis since it shows high sensitivity to 
subtle structural changes in biological tissues. 
 
2. Material and Method  
 
Ethics Statement 
The investigation has been conducted 
according to the Ethics Committee Regulations of 
the CFR Hospital Cluj-Napoca, Romania and 
National Regulations on Ethics and Research in 
Romania, as previously described [11]. The authors 
confirm that the study was approved by the CFR 
Hospital Cluj-Napoca Ethics Committee before the 
analytical experiments on the surgical excised tissue 
with the full approval from patients and all the 
ethical issue was described in our previous Raman 
and SERS study of colon tissue [11]. The tissue 
samples have been obtained from CFR Hospital 
Cluj-Napoca, Romania, upon surgical intervention 
with the written consent from 9 patients.  
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Sampling 
Each tissue sample resulted after surgical 
intervention has been sectioned for two distinct 
sampling protocols, one has been formalin fixed 
whereas the adjacent piece has been stained 
according to the histopathology procedure, in order 
to have the spectral information from the same 
tissue region. According to the classical surgical 
intervention, the excision usually suffers of 
significant lack of demarcation limit between 
normal and cancerous tissue. Therefor from each 
patient resulted both normal and pathological 
samples. The histopathology results assisted the 
Raman investigation of both normal and cancerous 
tissue from each patient. 
Classical procedure has been applied for the 
(H&E) staining [6] of the excised tissue samples. 
The rapid H&E method for general tissue structure 
revealed blue, pink and red area, that represents 
nuclei, cytoplasm and eosinophylic substances 
respectively [1, 6]. Proper fixation is essential for 
histology, but it kills cells and acts in other ways 
that limits many research applications. 10% neutral 
buffered formalin is the most common routine 
fixation. The formalin fixation procedure has been 
conducted according to the classical protocol, using 
buffered 10% formalin; this equals a roughly 4% 
paraformaldehyde concentration, as formalin is 30–
40% paraformaldehyde. 
 
Equipment  
The FT-Raman spectra of the 3 different 
samples, both normal and cancerous tissue from 
each patient were recorded using an Equinox 55 
Bruker spectrometer with an integrated Raman 
module (Bruker, FRA 106 S), fiber optic coupled to 
a Ramanscope II Raman microscope. The signal 
detection has been achieved using a Ge detector 
operation at the liquid nitrogen temperature. The 
spectral resolution was 4 cm-1. The spectral data 
were analyzed using the OPUS 2.0.5 and Origin 6.0 
software.  
Micro-Raman spectra from the 9 histopathology 
slides containing stained tissue were recorded with a 
LabRam HR-800 (Horiba Jobin Yvon) spectrometer 
equipped with an 1800 grooves/mm holographic 
gratings. The 632.8 nm line of a He-Ne laser was 
used for the excitation. The spectra were collected in 
backscattering geometry with a confocal Raman 
microscope equipped with an Olympus LMPlan 80× 
objective and a resolution of 2 cm-1. The detection 
of the Raman signal was carried out with a Peltier-
cooled CCD camera. The laser power at the sample 
surface was 3 mW and the acquisition time 2 
cycles/120 seconds. The measurements were 
recorded using a hole of 250 μm and a slit of 100 
μm. From each slide were recorded 3 spectra. 
 
3. Results and Discussions  
 
Standard histopathology examination 
confirmed adenocarcinoma from 9 patients 
undergoing surgical intervention as shown in the 
Fig. 1, where one image of normal tissue (a) is 
presented in comparison with the other 9 
adenocarcinoma images (b-j), progressively 
displayed. The malignancy stages have been 
established according to the TNM Classification of 
Malignant Tumors [12]. The microscopic image of 
the H&E stained tissue revealed invasive tumors in 
the colon wall with the presence of local or distant 
metastases (Fig. 1, b-j). 
 
 
 
 
Figure 1. Histopathology image from normal tissue a) and the 9 malignant tissue samples displayed progressively from 
b) to j). The invasive tumors on the colon wall are displayed in different degree, with the presence of local or distant 
metastases. The microscopic images are displayed from b to j according to the increasing degree of metastases from 
cancer stage B (b-f), stage C (image g-h) and stage D (image j) 
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The H&E images are displayed from b to j 
according to the increasing degree of metastases 
from cancer stage B (b-f), stage C (image g-h) and 
stage D (image j). Histopathologists are able to 
provide acceptable classification into large 
subgroups of epithelial cancer and non cancer. 
However, while pathologists can demonstrate 
acceptable levels of agreement for the major 
comparative groups of cancer against negative, the 
division into subgroups of normal, mild pre-
cancerous change, severe pre-cancerous change and 
cancer has revealed that are poorer level of 
agreement [12, 15].  
As a routine procedure, upon surgical 
intervention, tissue segments considered “normal” 
are usually removed, due to the lack of sensitive 
technique that could assist the intervention and 
clearly delimitate the normal from pathological 
tissue. As such, the histopathology normal tissue 
collected from the 9 patients has been also 
investigated.  
Andrade et al [16] reported three groups of 
so-called “normal” colon tissue, concerning the 
Raman specific response, upon analyzing 39 
patients and providing 144 spectra for statistical 
analysis. The three well-defined spectroscopic 
groups of non-altered colorectal tissues that were 
consistently checked by statistical (clustering) and 
biological (histopathology) analyses were (1) 
represented by samples with the presence of 
epithelial layer, connective tissue papillae, and 
smooth muscle tissue; (2) tissues with epithelial 
layer and connective tissue papillae; and (3) 
presented mostly fatty and slack conjunctive tissue. 
The study reveals the existence of an intrinsic 
spectral variability for each patient that must be 
considered when sampling tissues fragments to 
build a spectral database [18].  
Since previous Raman studies on colon tissue 
structure refereed to the patients from South 
America [18], or Asia [17] we considered 
interesting to compare the so-called “normal” tissue 
Raman fingerprint for colon samples from different 
geographic locations, which could be influenced by 
many factors such as the way of life and the 
alimentary specificity, that in turn could generate 
specific pathology.  
The mean FT-Raman spectra collected from 
the epithelial layer of the formalin fixed colon tissue 
have been recorded from each of the 9 cases, as 
shown in the Fig. 2 a, with spectral offset for clarity, 
whereas those corresponding to the cancer tissue are 
shown in the Fig. 2b (no spectral offset, to evidence 
the patient specificity). 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
                                a)                   b) 
 
Figure 2. a) Mean signal of the FT-Raman spectra collected from each normal colon tissue sample from 9 patients, after 
formalin fixation. Spectral offset was introduced for clarity.b) Mean FT-Raman signal collected from the formalin fixed 
cancer tissue from 9 different patients. The insertion highlights the spectral differences in the fingerprint region. 
Excitation: 1064 nm, 350 mW. 
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The spectra were collected from normal 
regions which have been excised along with the 
cancerous ones. Each FT-Raman spectrum was an 
average value of 500 scans from random points of 
the tissue slides. We note that both normal and 
cancer samples exhibit two main different spectral 
shapes, as specifically highlighted in the Fig. 3. 
 The systematic differences in the high 
wavenumber range between randomly investigated 
points of each tissue sample are explained based on 
the previous results on cells [17] which showed that 
specific signal as in the Fig. 3a is related to the cell 
nucleus whereas those of Fig. 3b are preponderantly 
related to the cell cytoplasm. Scalfi-Happ et al [17] 
recently reported confocal Raman results on 
colorectal adenocarcinoma cell line (Caco-2, 
(ATCC® Cat. No. HTB-37TM) and the rat intestine 
epithelial cell line IEC-6, using a water immersion 
objective (63×, NA 1.0) that allowed a lateral 
resolution in the sub-micrometer range, thus, being 
able to address questions to the specific cellular 
components.  
 
 
 
 
Figure 3. The two typical FT-Raman spectral shape observed both for normal and cancer samples: a): the dominance of 
the band at 2850 cm-1 signal collected preponderant from cell nucleus, and (b) the dominance of the signal at 2931 cm-1, 
signal specific from cytoplasm [18]. 
 
 
They showed that the mapping of the C-H 
stretching band (2800—3030 cm−1) allowed for the 
observation of the whole cell, where the lipid bodies 
exhibit sharp signal in this range, whereas the nucleus 
components exhibited different, lower intense 
spectral shape.  
Our results on tissue exhibited the same 
systematic differences (Fig. 3) which correspond to 
those reported for cells [8].  
The lipid bodies exhibited also sharp bands at 
1658, 1441, 1303, 1269 cm-1, being significantly 
higher in malignant cells (13.8%) than in non-
malignant cells (1.8%) and, therefore, were proposed 
as a biomarker for malignancy [8]. 
Taking into account that the NIR laser spot 
diameter of about 3 m comprises many 
contributions from tissue components (cells and 
interstitial range) the random focus on tissue could 
satisfactory explain the observed differences.  
These results would be taken into account 
when tissue Raman measurements have diagnostic 
purpose. Similar observation was made in the case 
of carcinoma tissues, where the focus comprised 
both nucleus and cytoplasm from cells components 
and interstitial material. 
The overall quality of the FT-Raman signal of 
cancerous tissue is rather low (Fig. 2b), noisy, 
probably because of the degraded structure, 
although the experimental conditions were similar. 
However, the main bands were observed as in the 
case of normal tissue, but with lower intensity. The 
band positions, as revealed by the average spectrum 
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in the Fig. 2b, are well correlated to those reported 
on carcinoma cells [13]. 
In order to address one of the aim in this 
study, we compared normal colon tissue from other 
geography locations with the nine cases investigated 
here. The so-called normal tissue excised along with 
the tumor was compared to the normal colon tissue 
characterized by vibrational Raman spectroscopy in 
the literature [9]. The observed bands in the 600-
1800 cm-1 range in Fig. 2a are discussed in 
comparison with the previous FT-Raman report on 
normal colon tissue [18]. 
The bands that dominate our FT-Raman 
spectra of the normal colon tissue are listed in the 
Table 1, in comparison with the results obtained by 
Andrade et al [9]. 
The observed bands correspond to vibrations 
of amino acids, carbohydrates, lipids, nucleic acid, 
and proteins. Due to the inherent inhomogeneity of 
the tissue, from one point to another, the signal 
presents subtle differences, however, the statistical 
analysis revealed specific spectral fingerprint for 
specific sample groups. As shown by Andrade et al 
[16], the tissue content present great variations for 
different people, which reflect the intrinsic 
biological variability of the individuals, however, 
the main bands are still observed in all spectra.  
The raw FT-Raman signal exhibits constant 
characteristic bands from one sample to another. All 
the normal samples showed the same major bands as 
earlier reported [9] for patients from other 
geography location. Subtle differenced between 
normal and cancerous samples could be observed 
for each pair samples from individuals and could be 
exploited for further diagnostic purpose in 
conjunction with statistical analyses. This aspect 
will be treated elsewhere. In this point, raw Raman 
data changes are too subtle to be able to provide a 
direct diagnostic or direct visualization and 
discrimination without other additional algorithms 
for discrimination or reproducible differences for 
the 9 pairs of samples.  
Further, we assessed the Raman scattering 
signal from both normal and cancer tissue after 
histological staining. Raman spectra of the stained 
tissue in the 1800-1100 cm-1 range are presented in 
the Fig. 4, for both normal (top) and carcinoma 
(bottom) groups.  
 
 
 
Figure 4. Micro-Raman spectra collected from H&E stained normal (top) and cancer (bottom) tissue from the 9 
patients. Excitation: 632 nm, 3 mW. The spectra are displayed from 1 to 9 according to the increasing degree of 
metastases from cancer stage B (spectra 1-5), stage C (spectra 6-8) and stage D (spectrum 9). 
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The overall Raman signal of the H&E stained 
tissue is a superposition of the fluorescence 
background and Raman scattering of tissue, as well 
as the Raman (pre-resonance Raman) of the staining 
agents, as shown in the raw, unprocessed signal of 
one sample in Fig. 5. The corresponding FT-Raman 
signal of the same sample is also given for eye 
guidance (Fig. 5, bottom) and the main bands were 
followed in the signal from stained tissue. We noted 
many additional bands, revealing the Raman 
contribution of the staining agents. These 
contributions were analyzed by recording and 
comparing the FT-Raman signal from hematoxylin, 
eosin, xylene and Biomont, as they used in the 
clinical laboratory.  
Their signal is given in the Fig. 6 for 
comparison to those of the stained or unstained 
tissue, respectively. 
 
 
 
 
Figure 5. Typical raw, unprocessed Raman signal recorded from H&E stained normal colon tissue (top) revealing 
additional bands compared to those of the unstained one, formalin fixed tissue. Excitation: 632.8 and 1064 nm. 
 
 
Figure 6. Raman signal of the species involved in the staining protocol (H-hematoxylin, E-eosin, xylene and 
Biomount), as shown on each spectrum. The signal both from stained or formalin fixed tissue is also given for 
highlighting the spectral interferences. Spectral offset is introduced for clarity. The dotted lines followed the main bands 
of the unstained tissue. Excitation: 632 nm, 3 mW. 
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The Biomont exhibits Raman bands at 3047, 
2915, 2876, 2731, 1732, 1611, 1450, 1378, 1249, 
1202, 1092, 1029, 996 (vvs), 832, 640, 533 cm-1. 
The sharp interferences are also observed from 
xylene at 1611, 1378, 1092, 1029, 996, 1202, 823, 
721, 640, 533, 456 cm-1 as well as in the 2876-3047 
cm-1 range. 
In order to evaluate the interference effects of 
the staining agents in the Raman spectra of stained 
tissue (Fig. 4), the Raman signal of the formalin 
fixed tissue (Fig. 2) has been compared to that of the 
H&E stained sample from the same patient as well 
as with the individual staining agents (Fig. 6).  
The most representative FT-Raman bands of 
the formalin fixed tissue are shown with dotted 
lines, for guidance. It is well known that formalin 
solution (10%) exhibits an insignificant influence on 
the overall Raman scattering from the tissue [11]. 
Surprisingly, the main H&E bands were not 
observed in the stained tissue signal (Fig. 6). 
Moreover, we noted the absence of the amide I band 
at 1654 cm-1 in the spectra of the stained tissue as 
well as the prominent appearance of the band at 
1723-1749 cm-1. This aspect could be probably 
correlated with the cell necrosis, where the proteins 
are destroyed.  
However, the absence of amide I band was 
observed either for normal tissue. On the other hand, 
during the tissue processing the proteins are 
denatured by coagulation and polymerization 
reactions, resulting in blockage and stop the 
enzymatic reactions and autolyse. The prominent 
tissue band at 1446 cm-1 (Fig. 4) seems to be 
unaffected by the staining agents signal.  
The same result was observed for the band at 
1298 cm-1. These bands were assigned to mixed 
contributions from lipids, carbohydrates, proteins 
(Table 1). Therefor their intensity monitoring would 
be suitable for further Raman imaging studies that 
could complementary assist the correct 
histopathology conclusions. It should be pointed out 
that this band (around 1300 cm-1) was proposed as a 
marker of malignancy in Raman diagnostic of 
colorectal adenocarcinoma cell lines [16]. 
 
Table 1. The observed vibrational Raman bands of the normal colon tissue samples and their proposed assignment 
FT-Raman  data on 
normal colon tissue 
/cm-1 
(Fig. 3) 
Raman data of colon 
tissue from different 
geography locations  
ref [16] 
Vibrational assignment 
832 855 - 870 ν(C-C), ring breathing, ν(O-P-O) (Proline, tyrosine,DNA) 
959 900 - 980 ν(C-C), α –helix (Proline,valine,protein 
conformation,glycogen) 
998 ≈ 1000 νs - ring breathing mode phenylalanine 
1078 1080 - 1100 ν(C-C) or ν(C-O), ν(C-C) or ν(PO2), ν(C-N), ν ( O-P-O)( 
Lipids, nucleic acids, proteins, carbohydrates) 
1261 1260 - 1280 ν(C-N) amide III, ν(=C-H) Protein(α-helix), lipids 
1300 1300 – 1310 δ(CH2), δ(CH3CH2) (adenine, cytosine, collagen, lipids 
1439 ≈ 1450 δ(CH2) (lipids, carbohydrates, proteins and pentose) 
1655 1650 – 1660 ν(C= O) of amide I, ν(C=C) (Proteins(α-helix),lipids) 
1749 ≈ 1750 ν(C=O)(Lipids) 
2893 absent νs CH3, CH2 lipids and proteins 
2850 absent νs CH3 CH2 lipids 
2900 absent νas CH3 CH2 lipids, proteins 
2931 absent νas CH3 CH2 lipids, proteins 
3005 absent νs CH ring aromatic  
 Abbreviations: υs-symmetric stretching; υa -asymmetric stretching; δ - bending;  
 
The high wavenumber range (3050-2800 cm-1 
of the stained tissue spectra (Fig. 6) was found to be 
completely hampered by the xylene and Biomont 
contributions respectively, being impossible to use 
for diagnostic purpose. Usually, the CH3 and CH2 
stretching modes of lipids at 2923 cm-1and 2875 cm-
1 respectively in the spectrum of cancer tissue are 
higher than in the case of normal tissue [16], 
indicating the increasing content of lipids as a 
characteristic self-defense reaction of the organism. 
This characteristic was also observed in the 
unstained tissue [9-16].  
We also evaluated the possibility to have 
some resonance Raman signal contribution from the 
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staining agents, if the excitation laser line falls into 
their electronic absorption band. The extinction 
spectra of hematoxylin and eosin have been 
published elsewhere [16]. We noted the pre-
resonance condition for the red laser line at 632.8 
nm, however, no significant contribution due to the 
resonance Raman effect of the staining agent on the 
overall tissue signal was observed [10]. A previous 
report [4] showed the comparison of the Raman 
spectra of fresh tissue with formalin fixed tissue and 
tissue fixed and soaked in xylene.  
A dramatic reduction in the intensity of the 
amide I band (1637 cm-1) was observed for the 
formalin tissue whereas soaking in xylene prior to 
wax embedding creates significant spectral 
differences in the tissue [4].  
Although every tissue processing step 
introduced significant changes in the Raman signal, 
the authors concluded that the de-waxed sections 
can be diagnostically useful, since they retain 
sufficient biochemical similarity to the fresh one, 
drawing a warning conclusion when used automated 
processing techniques. H&E stained tissue provide 
all the de-waxed tissue information. Another report 
was devoted to improve the de-waxing protocol [5] 
Cervical tissue samples were prepared in multiple 
de-waxing cycles, using xylene, Histoclear and 
hexane. However, the Raman residual contributions 
from wax remained at 1062 cm−1, 1296 cm−1, and 
1441 cm−1 [5]. 
The present Raman results on H&E stained 
tissue provided a complete overview on the 
possibility to record specific Raman signal from 
stained tissue and allowed to summarize the 
advantages/disadvantages of various Raman 
techniques and excitation laser line suitable for 
various tissue preparation, as summarized on the 
Table 2.  
 
Table 2. Surveillance on the advantages/disadvantages of various Raman techniques used for soft tissue 
characterization. 
Technique (laser line) H&E stained tissue on slide Formalin-fixed tissue Paraffin-fixed on 
slide 
FT-Raman (1064 nm) No spatial resolution; Weak 
signal/noise ratio, long 
acquisition 
Good signal/noise ratio, 
long acquisition 
Raman signal from 
paraffin -dominant 
FT-micro-Raman 
(1064 nm) 
Spatial resolution (3-4 µm), 
very weak signal/noise ratio,  
long acquisition time 
Spatial resolution (3-4 
µm),Weak signal/noise 
ratio, long acquisition 
Raman signal from 
paraffin -dominant 
 
Dispersive micro-Raman/  
confocal Raman microscopy 
Higher spatial resolution (up to 
1 µm), short acquisition time 
Higher spatial resolution 
(up to 1 µm), short 
acquisition time 
Raman signal from 
paraffin -dominant 
  (Visible  laser excitation) Fluorescence +Raman  
from staining agents 
Strong fluorescence, 
short acquisition time 
Harmful for tissue 
Paraffin melting 
Not suitable 
  (NIR- laser excitation) Lower fluorescence +Raman 
from staining agents 
Low sensitivity for the high 
wavenumber range 
Weak 
fluorescence+Raman; 
Low sensitivity for the 
high wavenumber range 
Paraffin melting 
Not suitable 
 
Depending on the aim of investigation, 
compromise between signal quality, interference in 
the tissue signal, time of acquisition and spatial 
resolution for tissue characterization must be taken 
into account. However, combined techniques to 
eliminate one or other of the inconvenience could be 
helpful and open new perspective for diagnostic 
purpose or pharmaceutical treatment monitoring. 
 
4. Conclusions  
 
Micro-Raman spectra of the hematoxylin-
eosin stained tissue have been recorded and 
analyzed for both normal and carcinoma colon 
samples from nine patients in order to evaluate the 
compatibility of H&E staining with Raman 
spectroscopy of tissue. An additional aim was to 
evaluate if the “normal” tissue from various 
geographical locations is the same in terms of 
Raman signal from equivalent samples reported in 
the literature.  FT-Raman signal of the formalin –
fixed tissue was used for comparison. The overall 
Raman signal of stained tissue is a superposition of 
Raman scattering intensity from staining agents, 
tissue and auto-fluorescence of the tissue and 
staining agents. Due to the different Raman cross 
section of the species, the superposition giving the 
overall Raman spectral shape is not a linear 
combination, i.e. substracting the Raman signal of 
staining agents does not necessarily result in the 
Raman signal of unstained tissue. Moreover, the 
H&E staining agents showed less influence on the 
overall tissue signal, allowing identify specific 
Raman bands of tissue. The major influence on the 
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overall signal was produced by the resins (biomount, 
xylene), which are not compatible with the tissue 
Raman diagnostic.  
The bands attributable to the tissues have 
been analyzed in comparison to that form the FT- 
micro-Raman measurement of the formalin fixed 
tissue samples.  
FT-Raman signal from normal colon revealed 
subtle specificity from one patient to another, 
however, the main bands were observed in all 
spectra and the signal was compared to those 
corresponding to patients from other geography 
location. Raman bands attributable to tissue have 
been identified in the H&E stained samples. Such 
subtle differences would be important in Raman 
diagnostic algorithms.  
It was concluded that hematoxylin and eosin 
does not interfere in the tissue Raman signal, but the 
xylene and resins used in the staining protocol could 
hamper the Raman signal, particularly the high 
wavenumbers range (3000-2800 cm-1 ) as well as in 
the fingerprint region. However, several significant 
bands in tissue Raman diagnostic are clearly 
resolved. Results from these H&E stained tissue 
samples point out the capability of the Raman 
techniques to evaluate the enormous archival tissue 
material available in clinical diagnostic laboratories 
and could further better assist the histopathology 
conclusions with high specificity and sensitivity. 
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